Comparison between calcium hydroxide mixtures and mineral trioxide aggregate in primary teeth pulpotomy: a randomized controlled trial Objectives: To evaluate the effect of calcium hydroxide (CH) associated with two different vehicles as a capping material for pulp tissue in primary molars, compared with mineral trioxide aggregate (MTA). Methodology:
Introduction
Pulpotomy is a vital pulp therapy for deciduous teeth in which the coronal pulp tissue is surgically removed and a suitable material is placed on the remaining radicular pulp to protect it from further injury. 1, 2, 3, 4, 5 Pulpotomy aims to retain a functional tooth with a vital radicular pulp in the oral cavity until its exfoliation. 1, 2, 6, 7, 8 Although formocresol was considered the gold standard for pulpotomies in primary teeth, its toxicity and carcinogenic potential have emerged as serious limitations of this capping material. 9 Numerous studies have investigated the mechanism of action, clinical indication, advantages and disadvantages of different capping materials, but no consensus has yet been reached on the ideal pulpotomy material for the treatment of primary teeth. 1, 4, 6, 8, 10, 11 Calcium hidroxide (CH) has been indicated as the most appropriate material in many clinical situations aiming to promote healing. However, the results obtained from pulpotomy using CH-based materials were inconclusive, as long-term clinical trials revealed an increase in failure rates along the follow-up appointments. 6, 12 The success rate of CH as a pulpotomy material in primary teeth is poor in comparison to that observed in permanent teeth.
The caustic action of the high-pH formulations of CH reduces the size of the underlying dental pulp by up to 0.7 mm. 13 In addition to the widespread clinical use of CH, studies have tested various CH formulations and mixtures of CH powder with different substances in an attempt to improve CH performance. 12, 14 Typically, CH dressing is prepared with either an aqueous (distilled water, saline, anesthetic solution)
or viscous (polyethylene glycol, propylene glycol, methylcellulose, glycerin) vehicle. 14, 15 
Randomization and blinding
Teeth included in this study were randomly allocated to one of three treatment groups using a computer-generated random number sequence. Each 
Results
Forty-five primary molars in children with mean age of 6 years and 5 months filled the inclusion criteria and were allocated to one of the three treatment groups (15 teeth per group) ( Figure 1 ).
In all treatment groups, no tooth showed mobility, fistula, swelling or inflammation on the surrounding gingival tissue by clinical examination, at any followup appointments. In the MTA group, treatment was also successful by radiographic analysis in 14/14 teeth (100%). Thus, both clinical and radiographic analyses showed 100% treatment success using MTA, at all follow-up appointments ( Figure 1 ; Table 1 ).
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Despite the absence of clinical symptomatology indicative of treatment failure in the CH+saline and CH+PEG groups, we observed some radiographic evidence of treatment failure in these groups (Table 1 ).
In the CH+saline group, internal resorption indicative of treatment failure was radiographically detected in up to 9/15 teeth (67%), at 12-month follow-up (Table   2 ). Inter-radicular bone destruction and furcation radiolucency, which also provide evidence of treatment failure, were observed in up to 5/15 teeth (36%), at 12-month follow-up (Table 3) . Consequently, the final success rate of treatment in the CH+saline group was only 33% (5/15 teeth), after 12 months of follow-up (Table 1 ).
In the CH+PEG group, representing teeth capped with CH mixed with PEG, 2/12 teeth (17%), 2/11 (18%) and 2/11(18%) had internal resorption at the 3, 6 and 12 months of follow-up, respectively (Table 2) , while one tooth also presented bone destruction and furcation radiolucency at all follow-up appointments (Table 3) , being referred for endodontic treatment. The final radiographic success rate of the use of CH+PEG at 12-month follow-up was 73% (8/11 teeth).
The incidence of internal resorption in the CH+saline group was significantly higher than that in the MTA group, at all follow-up appointments (p=0.058; p= 0,019; p=0.0005). No statistically significant difference in the incidence of internal Following the guidelines of a prior study by Moretti, et al. 6 (2015), we categorized internal resorption as Dental pulp healing depends on several factors, including the presumed stimulatory effect of the capping agent, and the ability of both the capping and definitive restorative materials to seal the tooth restoration interface against immediate and longterm microleakage. 6, 20 In pulpotomies with CH, zinc oxide eugenol cement is commonly used before dental restoration. 10 However, the fact that the CH paste dissolves easily could favor the contact of the healthy radicular pulp with the eugenol, which is considered aggressive, and could lead to failures. 6 To avoid this effect, a resin-based CH cement was placed over the CH pastes as an intermediate base.
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This material has lower solubility and water sorption than the CH paste, increasing restoration longevity. 27 Additionally, the CH cement is of low strength 28 and is highly resistant to etchant, 29 which is necessary for restorations with resin modified glass ionomer cement (RMGIC). Although stainless steel crowns provide optimal coronal seal, 6, 13, 17 in the present study and in several others 6, 10, 11, 24, 30 32 In support of the current recommendations, no restoration failures were observed in this study for any of the three groups throughout follow-up; thus, we can exclude restorative material as a discriminating factor between groups, in this study.
The limitations of this study are inherent to randomized clinical trials, where patients must return for follow-up and complete "blinding" may be challenging. In this study, 5 patients (one in the MTA group and four in the CH+PEG group) were lost at follow-up, because they were unwilling to travel from their hometown to report to the clinic. Moreover, it was impossible to blind the operator at the moment the material was inserted, since MTA and CH had different mixing methods. In addition, blinding the rater for the radiographic examination is not fail proof, as differences in radiopacity between materials can be identified by experienced examiners.
Conclusion
The association of CH with PEG provided better results than that of CH with saline as a capping material for pulpotomy of primary teeth. However, both associations demonstrated clinical and radiographic results inferior to those of MTA.
